The Cattell-Horn-Carroll (CHC) cross-battery approach to assessing cognitive abilities has been introduced to the field recently as an alternative to traditional assessment instruments and techniques (Flanagan, McGrew, & Ortiz, 2000; . This theory-based method of assessment was developed to provide a more valid and defensible way of deriving meaning from test scores than that provided by the traditional (and largely atheoretical) Wechsler Scale approach. The present study is the first to investigate the validity of the cross-battery approach using a sample of elementary school children (N= 166) who were administered the Wechsler Intelligence Scale for Children-Revised (WISC-R; Wechsler, 1974) and Woodcock-Johnson Psycho-Educational Battery-Revised (WJ-R; Woodcock & Johnson, 1989) . Structural Equation Modeling was used to examine whether (a) Wechsler-based CHC cross-battery assessment explained more variance in reading achievement than a traditional Wechsler model, and (b) whether the Wechsler-based CHC cross-battery model provided a more accurate description of the general and specific abilities on general and specific reading achievement than the traditional Wechsler model, as predicted in the extant ^/specific abilities literature. Findings showed that the g factor underlying the Wechsler-based CHC cross-battery model accounted for substantially more variance in reading achievement (25%) than the g factor underlying the atheoretical Verbal Comprehension-Perceptual Organization-Freedom From Distractibility (VC-PO-FFD) Wechsler model. In addition, findings demonstrated that when assessments are organized around the strong CHC theoretical model, specific cognitive abilities, including auditory processing (Ga), crystallized intelligence (Gc), and processing speed (Gs) explained a significant portion of variance in reading achievement beyond that accounted for by g. These
findings suggest that a Wechsler-based CHC cross-battery approach is an effective way of ensuring valid representation of multiple cognitive abilities, specifically those that have been found to affect significantly the development of reading skills.
There is little, if any, doubt that the Wechsler Verbal/Nonverbal (Performance) model and Verbal Comprehension-Perceptual Organization-Freedom From Distractibility (VC-PO-FFD) model are among the most widely recognized interpretive models of the structure of cognitive abilities to date. Despite the addition of the Processing Speed Index on the Wechsler Intelligence Scale for Children-Third Edition (WISC-III; Wechsler, 1991) and Working Memory Index on the Wechsler Adult Intelligence Scale-Third Edition (WAIS-III; Wechsler, 1997) , interpretation of the traditional two-and three-factor Wechsler models remains a consistent practice (for a review, see Flanagan, McGrew, & Ortiz, 2000) . Notwithstanding the number of factors underlying the Wechsler Scales (i.e., two, three, or four), it has become increasingly apparent that (all versions of) these instruments are limited and do not reflect current conceptions of intelligence. Thus, some have argued that the interpretations based on any of the underlying interpretive perspectives of the Wechsler Scales are largely outdated and misguided (Flanagan et al., 2000) .
Because all versions of the Wechsler Intelligence Scales are not grounded in a strong construct validation research program, it is believed that the application of a strong theory-based construct validity approach to Wechsler-based assessments can strengthen the validity of the interpretations drawn from Wechsler test scores (Flanagan et al., 2000; . This article will (a) present an empirically validated model of the structure of intelligence; (b) briefly describe the stages of construct validity that are necessary to establish strong test validity; (c) describe the relation between a commonly applied Wechsler model (viz., VC-PO-FFD) and contemporary, empirically validated models of intelligence; (d) highlight the importance of theory-based research in understanding the effects of specific cognitive abilities on academic achievement and their implications for assessment; and (e) describe how the Wechsler Scales can benefit from advances in applied measurement that operationalize contemporary theory (i.e., Flanagan et al.'s [2000] cross-battery approach).
Next, in response to the calls for more theory-based intelligence test interpretation Flanagan et al., 2000; Kaufman, 1994 Kaufman, , 2000 Kamphaus, Petosky, & Morgan, 1997; Keith, 1997 Keith, , 1999a , an examination of the effects of general and specific cognitive abilities on reading skills and their implications for deriving score meaning from theoretically based (versus nontheoretically based) cognitive ability assessments will be conducted. According to Keith (1997 Keith ( , 1999a and McGrew and Flanagan (1998) , assessment instruments and approaches that are based on well-validated theoretical models of the structure of intelligence have the potential to contribute more meaningfully to research on the relations between cognitive abilities and different out-come criteria than instruments and approaches that are not linked to strong theory. Thus, the overriding purpose of the present research is to (a) examine whether a new, theoretically driven applied measurement approach, called "Wechsler-based Cattell-Horn-Carroll (CHC) cross-battery assessment" (Flanagan et al., 2000; , explains more variance in reading achievement than an atheoretical, traditional VC-PO-FFD model, and (b) whether the Wechsler-based CHC cross-battery model provides a more accurate description of the general and specific cognitive abilities that contribute to the explanation of reading achievement than a traditional Wechsler model. The major purpose of this research is to compare theoretical and atheoretical models of the structure of intelligence. The VC-PO-FFD model was chosen as the atheoretical model in this research because (a) it has been the prevailing interpretive framework for the Wechsler Scales for the past two decades; (b) it continues to be applied, albeit less frequently, in current practice; and (c) the current research questions of interest (which are largely theoretical in nature) can be addressed appropriately with an available Wechsler Intelligence Scale for Children-Revised (WISC-R; Wechsler, 1974 )/Woodcock-Johnson Psycho-Educational Battery-Revised (WJ-R; Woodcock & Johnson, 1989) dataset.
THE CHC THEORY OF COGNITIVE ABILITIES: AN EMPIRICALLY VALIDATED MODEL OF THE STRUCTURE OF INTELLIGENCE
The extant factor-analytic research conducted over the past 60 or more years has converged on a relatively complete multiple-intelligences taxonomy known as the CHC Theory of Cognitive Abilities. As discussed by others (Flanagan et al., 2000; McGrew, 1997; Woodcock & McGrew, 2000; R. W. Woodcock, July 16,1999, personal communication) , CHC theory represents an integration of Carroll's (1993) three-stratum theory and the Cattell-Horn Gf-Gc theory (Horn, 1994) . The CHC conception of intelligence is supported extensively by factor-analytic (i.e., structural) evidence and developmental, neurocognitive, and heritability evidence (for a summary, see Horn & Noll, 1997) . In addition, there is a mounting body of research available on the relations between the broad CHC abilities and many academic and occupational achievements (for a review of this literature, see . Furthermore, studies have shown that the CHC struc-ture of intelligence is invariant across the lifespan (Bickley, Keith, & Wolfe, 1995) and across gender, ethnic, and cultural groups (Carroll, 1993; Gustafsson & Balke, 1993; Keith, 1997 Keith, ,1999a . In general, the CHC theory is based on a more thorough network of validity evidence than other contemporary multidimensional ability models of intelligence Messick, 1992; Sternberg & Kaufman, 1998) .
Given the breadth of empirical support for the CHC structure of intelligence, it provides one of the most useful frameworks for designing and evaluating intelligence tests (Carroll, 1997 (Carroll, , 1998 Kaufman, 2000; Keith & Witta, 1997; McGrew, 1997; Woodcock, 1990; Ysseldyke, 1990) . Moreover, in light of the well-established structural validity of CHC theory (and its corresponding measures, such as the WJ-R), external validity support for the various CHC constructs, derived through sound research methodology, can be used confidently to guide test interpretation (Benson, 1998) .
Unlike the WJ-R, all versions of the Wechsler Scales are largely atheoretical. Caution must be used when deriving score meaning from individual Wechsler tests and composites. However, by linking the Wechsler Scales to a strong theory of intelligence (i.e., CHC theory), it is possible to improve our understanding of the constructs underlying the Wechsler Scales and, as a result, strengthen the interpretations that are drawn from Wechsler test scores. Before demonstrating this, it is important to understand the stages that are necessary to establish strong test validity.
STRONG SUBSTANTIVE THEORY IS A PREREQUISITE FOR STRONG TEST VALIDITY
Strong test validity is the result of successful progressions through three broad construct validation stages, namely substantive, structural, and external (Benson, 1998; Cronbach, 1971; Cronbach & Meehl, 1955; Loevinger, 1957; Messick, 1989) . Research conducted at each stage must provide sufficient evidence for "the construct validity interpretation of test scores" (Benson, 1998, p. 15) . If, at any given stage, research does not provide sufficient construct validity evidence to support test score interpretations, then a reexamination of the previous stage is warranted (Benson, 1998) .
The Substantive Stage of Test Validation
In the substantive stage of test validation, psychological constructs are defined. Underlying each psychological construct is a theoretical domain (i.e., everything that is known about the construct) and an empirical domain (i.e., measures that were developed to operationalize constructs) (Benson, 1998) . A strong theory of intelligence is needed to specify, define, and circumscribe both domains of the focal constructs. Because the Wechsler Intelligence Scales are not grounded in a strong theory of intelligence (Carroll, 1993 (Carroll, , 1995 Kamphaus, 1993; Shaw, Swerdlik, & Laurent, 1993; Sternberg, 1993) , they have a weak substantive foundation. This conclusion was supported most recently by a comprehensive literature review of validity studies conducted with the Wechsler Intelligence and Memory Scales (Flanagan et al., 2000) . The Substantive Foundation of the Wechsler Scales. Because the CHC taxonomy "provides what is essentially a 'map' of all known cognitive abilities.. . [it] can be used in interpreting scores on the many tests used in individual assessment" (Carroll, 1993, p. 127) . The CHC taxonomy can serve as a blueprint from which to evaluate the content validity of intelligence tests. The first systematic attempt to map the major intelligence batteries to the CHC structural framework was presented by Woodcock (1990) . Woodcock's (1990) classifications, which were only at the broad (stratum II) level, were extended to the narrow (stratum I) level by McGrew (1997) . McGrew and Flanagan (1998) and Flanagan et al. (2000) Gs] ), Gc and Gv are the only abilities that consistently have strong content or construct representation (defined by the measurement of two or more qualitatively different narrow abilities that represent the broad ability) across all of the Wechsler Intelligence Scales. In addition to Gc and Gv, the WISC-III adequately represents the construct of Gs, whereas the WAIS-III adequately represents Gs and Gsm.
None of the Wechsler Intelligence Scales contain measures of Ga and Glr. In the Gf domain, the WAIS-III has weak construct representation (i.e., it only measures one narrow ability within this domain), whereas all other Wechsler Scales do not measure this ability. Similarly, Gsm is underrepresented on the Wechsler Preschool and Primary Scale of Intelligence-Revised (WPPSI-R; Wechsler, 1989 ) and WISC-III (i.e., each scale provides only one measure of this construct) and Gs is underrepresented on the WPPSI-R.
The weak substantive foundation of the Wechsler Scales, from the perspective of CHC theory, is primarily due to the fact that during the development and subsequent revisions of the Wechsler Intelligence Scales, no explicit attempt was made to specify and circumscribe the theoretical domain (and subdomains) of intelligence (Keith & Witta, 1997) . As a result, the Wechsler Intelligence Scales have not benefited from a test development process where measures were operationalized according to a theory-based blueprint. The largely atheoretical foundation of the Wechsler Scales constrains and complicates the validity of inferences that can be drawn from many Wechsler individual test and composite scores (past and present) (Flanagan et al., 2000; Keith & Witta, 1997) .
Before test validation can advance to the next stage (i.e., structural validity) a strong substantive foundation is necessary. In the absence of a strong substantive foundation, the extant structural validity evidence in support of the Wechsler Scales must be viewed cautiously.
The Structural Stage of Test Validation
The structural or internal validity stage of test validation focuses on whether the tests measure the construct(s) they are purported to measure. This stage is primarily concerned with the internal consistency of a test's variables . According to Messick (1995) , "the internal structure of the assessment (i.e., interrelations among the scored aspects of tasks and subtask performance) should be consistent with what is known about the internal structure of the domain... [t] his...is called structural fidelity" (p. 746). At this stage, positive structural evidence can be inferred when the tests selected or developed from the empirical domain are found to be valid measures of the corresponding constructs in the theoretical domain (Benson, 1998) . Construct validation theory postulates that "the absence of structural fidelity precludes construct validity" (Keith & Kranzler, 1999, p. 303) . Therefore, in the absence of structural evidence, a theory may need to be refined or the tests purported to measure the theoretical constructs may need to be revised or both (Benson, 1998; .
Within-Battery Structural Research with the Wechsler Scales. The preponderance of Wechsler Scale structural validity studies (summarized in Flanagan et al., 2000) support the internal validity of these measures. Within-battery factor-analytic studies of the early Wechsler Scales invariably revealed a two-factor solution involving a verbal and nonverbal (or perceptual-organizational) factor (Gutkin & Reynolds, 1981; Silverstein, 1982) . Later versions of the Wechsler Scales (WISC-R, WAIS-R) were characterized best by three factors: Verbal Comprehension (VC), Perceptual Organization (PO), and Memory/Freedom From Distractibility (FFD) (Leckliter, Matarazzo, & Silverstein, 1986) . More recently, Keith and Witta's (1997) multisample hierarchical confirmatory factor analysis of the WISC-III standardization data found support for similar VC and PO factors and a similar FFD-like factor they labeled, Quantitative Reasoning. In addition, consistent with the WISC-III factor-based index interpretation system, Keith and Witta found support for a separate Processing Speed (PS) factor. Thus, within-battery factor-analytic studies with the Wechsler Scales support the current consensus that a three-or four-factor structure characterizes the various configurations of the common core Wechsler subtests. Figure 1 provides a summary of the incremental improvement in the internal or structural validity of the factor-based interpretation schemes of the Wechslers. This within-battery structural improvement is represented in Figure 1 by the progression from a two-factor Verbal-Performance model (Wechsler, 1974) to a four-factor Verbal-Performance-FFD/Working Memory-Processing Speed model (Wechsler, 1997) .
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Although the within-battery factor analysis research of the most recent Wechsler Scales generally supports the internal validity of the batteries, the ever-changing interpretation of the original FFD tests should give cause for concern. Specifically, the ever-changing factorial nature of the Arithmetic, Digit Span, and Coding/Digit Symbol subtests raises concerns about the validity of the factor-based interpretations that have been offered for these subtests (Flanagan et al., 2000; Kaufman, 1994; . This variability is the result of the weak substantive or theoretical foundation of the Wechsler Scales.
Cross-Battery Structural Research with the Wechsler Scales. The strong CHC theory of cognitive abilities has been used to guide a series of confirmatory cross-battery factor analyses of all the major intelligence batteries, including the Wechsler Scales. Flanagan et al. (2000) recently synthesized the results of these factor analyses and provided broad and narrow CHC ability classifications for all individual tests from the major intelligence batteries. The results of this research provided a more complete understanding of the structural characteristics and validity of the Wechsler Intelligence Scales (and indeed all intelligence batteries) than that offered by atheoretical and within-battery analyses.
These cross-battery factor analysis studies differ substantially from the within-battery structural validity studies described above in two important ways. First, CHC theory was the framework used to organize each confirmatory factor analysis study. Second, all the data sets included tests from the WJ-R (or WJ-III; Woodcock & McGrew, 2000) , a battery comprised of empirically validated indicators of eight broad CHC abilities (McGrew, 1994; McGrew, Werder, & Woodcock, 1991; Reschly, 1990; Woodcock, 1990; Ysseldyke, 1990) . As a result, each of the major intelligence batteries was analyzed together with a common set of empirically supported CHC test indicators from the WJ. Most of the broad CHC ability test classifications Flanagan et al., 2000) were based on empirical research studies. These CHC classifications provide evidence for the construct validity of the tests within individual intelligence batteries. A comparison of within-battery and CHC cross-battery Wechsler Scale analyses, in particular, revealed a number of important findings.
First, when considered within the context of CHC theory, the VC and PO factors are interpreted as measuring mainly Gc and Gv abilities, respectively. Second, the FFD factor was not consistent with or similar to any broad ability within the CHC taxonomy. In within-battery factor analysis studies, the so-called FFD factor appears to have been an invalid factor that consisted of tests that had no counterparts that measured similar cognitive ability constructs with which they could correlate to form valid factors (for a discussion, see Flanagan et al., 2000) . Third, although the PO tests have a long history of being interpreted as measures of Gf (or higher-level reasoning) abilities (Kaufman, 1979 (Kaufman, , 1994 ), this conclusion is no longer viable. As summarized in Figure 1 , cross-battery analyses with the WISC-R and WISC-III show that the PO tests do not load on a Gf factor (Woodcock & McGrew, 2000) . These results, as well as other cross-battery factor analyses of the Wechsler's with the Differential Ability Scales (DAS; Elliott, 1990; Stone, 1992) and Kaufman Adolescent and Adult Intelligence Test (KAIT; Kaufman & Kaufman, 1993) , call into question the traditional G/interpretation of the Wechsler PO tests (McGrew & Flanagan, 1996) .
In conclusion, results of strong programs of theory-based construct validity research show that the Wechsler Intelligence Scales' continued allegiance to largely practical and atheoretical models of intelligence limits the validity of the inferences that can be drawn from some of the Wechsler subtest and composite scores. Figure 1 depicts how the lack of a strong theory can result in conducting structural validity studies with a collection of tests that have significant content validity limitations, which can significantly confound attempts to draw valid inferences from individual test and index scores. Although most of the within-battery structural validity studies reported for the Wechsler Scales have provided evidence for a consistent factor structure (e.g., VC-PO-FFD and VC-PO-FFD-PS), this evidence does not portray accurately the underlying theoretical constructs of these instruments. This reality serves to complicate the interpretation of, or inferences that can be drawn from, the relations between the focal "theoretical constructs" (e.g., PO, FFD) and other constructs (or measures) "outside" of, or external to, the theoretical and empirical domains of primary interest (e.g., academic achievement) (Benson, 1998) . In programs of construct validation research, it is futile to attempt to establish external validity before establishing structural validity (Benson, 1998; .
The External Stage of Test Validation
Just as a strong substantive foundation is necessary before establishing structural validity, a strong structural foundation is necessary before amassing external validity evidence (Nunnally, 1978) . The necessary and sufficient conditions for construct validity are both met when structurally valid measures demonstrate expected convergent and divergent relations with measures of constructs external to the focal measures (Benson, 1998; Benson & Hagtvet, 1996) . This "looking outside" of the focal theoretical and empirical domains represents the external stage or component of a strong program of construct validity research.
External Validity Evidence and CHC Theory. Among the major intelligence batteries currently available, the WJ-R appears to be one of the only instruments that has progressed successfully through all three stages of construct validation. Specifically, the theoretical (substantive) "blueprint" for the WJ-R was the empirically supported CHC theory and the structural support for the WJ-R, as an operationalization of several CHC constructs, has been well documented (e.g., McGrew et al., 1991; Keith, 1997) . Thus, the extant literature that describes the relations between the CHC constructs underlying the WJ-R and external criteria can be used confidently to guide interpretations and inferences made from the WJ-R test scores and clusters (McGrew, 1994) .
An important and potentially valuable line of external validation research using the CHC theory-based WJ-R is the "^/specific abilities" research. Using the WJ-R tests to represent multiple CHC constructs, recent research has demonstrated that specific cognitive abilities are important in understanding specific academic skills (Keith, 1999a; Gustafsson & Balke, 1993; McGrew, Flanagan, Keith, & Vanderwood, 1997; Vanderwood, McGrew, Flanagan, & Keith, 1999) . Furthermore, these specific abilities explain a significant portion of the variance in academic criteria (e.g., reading achievement) above and beyond that accounted for by g (or general ability) and the importance of these specific abilities in understanding reading and mathematics achievement, in particular, has been found to be indistinguishable across ethnic groups (Keith, 1999a) . In general, this research shows that specific cognitive abilities (G/, Ga, Gs, Gc) have significant, cross-validated effects on the development of specific reading and math skills . Also, these cognitive abilities are significantly related to academic skills at different developmental levels. This research suggests that certain cognitive abilities, at certain ages, may be important to measure and interpret in addition to g (or general intelligence) in reading-and math-related referrals.
According to Keith (1997 Keith ( , 1999a and McGrew and Flanagan (1998) , the findings of the g/specific abilities research should apply to other instruments and approaches besides the WJ-R. However, in light of the weak substantive and structural foundations of the Wechsler Scales it is likely that these instruments, despite their widespread use, would only serve to muddy, rather than contribute to, thê /specific abilities research. The next section of this article highlights the limitations of the extant Wechsler-based external validity literature and offers a method to strengthen the substantive and structural foundations of the Wechslers, respectively, which is needed to test Keith's and McGrew and Flanagan's prediction and improve Wechsler-based external validation research.
External Validity Evidence and the Wechsler Scales. A review of the Wechsler-based research literature appears to support the external validity of the Wechsler Scales. For example, Zimmerman and Woo-Sam (1997) reported an average correlation (across 55 samples) of .75 between the WISC-III Full Scale score and 11 different ability measures. They also reported correlations ranging from .50 to .65 between the WISC-III Full Scale score and various achievement tests. A recent review of more than a decade of Wechsler-based external validation research reported in Flanagan et al. (2000) produced similar conclusions.
Such positive external validity results reported for the Wechsler Scales appears to raise doubts about the validity of the claim that a strong substantive or theoretical foundation is required for an intelligence test to possess strong construct validity. How can the Wechsler Scales demonstrate significant external validity evidence in the absence of strong substantive and structural foundations? The answer lies in the fact that although positive external validity evidence has been reported, some of which provides strong evidence for some of the Wechsler tests and indexes, part of this evidence is misleading. For instance, at first glance, the extant external validity research appears to support the validity of the FFD index. Numerous studies have reported significant relations between the Wechsler FFD index and many external variables ranging from reading and math achievement to personality and emotional disturbance (Kaufman, 1994; Wielkiewicz, 1990) . However, as Kaufman (1994) reminded clinicians, the mere presence of significant relations between intelligence test scores and external variables is not always indicative of strong validity evidence. In fact, patterns of significant correlations that do not appear consistent with theory may cast doubt on the construct validity of the test scores.
The meaning of the Wechsler PO index score, both from internal and external validity perspectives, also suffers from a poor theoretical-empirical domain match. For example, the current WISC-III PO index score (like its PO WISC-R predecessor), although predominately a measure of Gv abilities, includes two tests (Picture Completion and Picture Arrangement) that the extant factor-analytic research has consistently found to measure both Gv and Gc. Although such factorially complex measures may have important purposes in certain situations, factorial complexity makes it difficult to understand and interpret significant relations between the PO index and external validity criteria.
In contrast with the nebulous interpretations of the FFD and PO indexes, significant relations between the Wechsler VC index and other measures of verbal or Gc abilities and school achievement support the validity of inferences drawn from the tests comprising the Wechsler VC index. This is largely because of the strong Wechsler VC-Gc empirical-theoretical domain match (Fig. 1) . To be able to interpret (or reinterpret) the extant external validity evidence for the Wechsler Scales and contribute meaningfully to the Wechsler-based external validity literature, it is necessary to establish a strong empirical-theoretical domain match for all Wechsler tests and composites and not just the VC composite.
THE THREE STAGES OF CONSTRUCT VALIDATION IN PERSPECTIVE: "REPAIRING" THE WECHSLER SCALES THROUGH THE FLANAGAN-MCGREW CHC CROSS-BATTERY APPROACH
In recognition of the theory-practice gap that exists in the field of intelligence testing, Flanagan and McGrew (1997) developed an approach to assessment-the CHC Cross-Battery Approach-that links all major intelligence tests to CHC theory . Specifically, they provided a set of psychometrically and theoretically defensible principles and procedures for supplementing any intelligence battery with tests from other batteries to broaden the range and improve upon the measurement of CHC abilities represented in assessment. In effect, their assessment model serves to* strengthen the empirical-theoretical domain match for all cognitive ability tests. Recently, they have applied their cross-battery approach to the Wechsler Intelligence Scales (Flanagan et al., 2000) .
It is beyond the scope of this article to describe the cross-battery approach in detail. Therefore, this discussion will be limited to the manner in which a WISC-R CHC cross-battery was constructed for use in the present research. As discussed above, the individual tests of the Wechsler Scales were classified according to the broad (stratum II) and narrow (stratum I) CHC abilities they measure via the results of theory driven cross-battery factor analyses. These classifications were deemed necessary not only to link the Wechsler Scales to an empirically validated theoretical model but to guard against two major sources of invalidity in assessment: construct irrelevant variance and construct underrepresentation (Comrey, 1988; Flanagan et al., 2000; Messick, 1995) .
Furthermore, the classifications of the Wechsler Scales at the broad and narrow CHC ability levels were necessary to provide a stronger substantive foundation for these instruments than that represented by the prevailing two-, three-, and four-factor Wechsler models. An examination of these classifications ( Fig. 1 ) demonstrated that the WISC-R (like the WISC-III) contains several qualitatively different indicators of Gc (i.e., Comprehension, Vocabulary, Information, Similarities) and Gv (i.e., Object Assembly, Block Design, and Mazes). Gs, Gq, and Gsm are underrepresented and Glr, Ga, and G/are not measured. Thus, the WISC-R needs to be supplemented to provide adequate measurement of Gs, Gq, Gsm, Glr, Ga, and Gf to more closely approximate a contemporary, empirically supported structure of cognitive abilities, thereby improving its structural foundation.
The WISC-R (or any Wechsler Scale) can be supplemented well with tests from the WJ-R. This is because (a) the WJ-R measures a broader range of CHC abilities than all other intelligence batteries; (b) it contains two strong measures of each of seven broad cognitive abilities; and (c) it was used in all the major cross-battery factor analyses that provided the information necessary to make CHC classifications of cognitive ability tests . After following the recommended procedures for constructing a cross-battery assessment (Flanagan et al., 2000; , several WISC-R tests were combined with select WJ-R tests in a psychometrically and theoretically defensible manner. This "Wechsler-based CHC cross-battery" of tests is presented in Table 1 . 307 Table 1 includes the strongest and most theoretically pure tests from the WISC-R (based on cross-battery analyses; viz., Woodcock, 1990 ) and a set of strong measures from the WJ-R. The augmentation of the WISC-R with tests from the WJ-R serves to expand and strengthen the structural foundation of the WISC-R (in the same way that it would serve to strengthen all versions of the Wechsler Scales). To the extent that the WISC-R-based CHC cross-battery (depicted in Table 1 ) measures the constructs it was designed to measure (e.g., Gf, Gc, Gv, etc.), like the WJ-R complete battery, it should prove useful in measuring the specific cognitive abilities highlighted in the emerging ^/specific abilities research (as predicted by Keith, 1997 Keith, ,1999a and described above) . To this end, the validity of inferences that can be drawn from Wechsler scores, within the context of the theory-driven CHC cross-battery approach, may improve substantially and the utility of the extant CHC external validity research may serve to inform and enrich interpretation.
RESEARCH QUESTIONS
The first part of this research was conducted to determine how much variance in reading achievement is explained by general and specific abilities underlying the atheoretical Wechsler VC-PO-FFD model, and the Wechsler-based CHC cross-battery model. An investigation of these research questions will assist in determining whether an assessment approach designed to improve the substantive and structural foundations of the Wechsler Scales (i.e., the Wechlser-based CHC cross-battery approach) explains more variance in reading achievement than an atheoretical VC-PO-FFD Wechsler model (i.e., WISC-R) and whether it provides a clearer understanding of the relationship between cognitive abilities and reading abilities.
The second part of this research was conducted to answer the following questions: (a) Does a specific intelligence battery that is based on the current CHC model (i.e., WJ-R) explain more variance in reading achievement than a traditional Wechsler battery (i.e., WISC-R)?; and (b) Is there a difference in variance explained in reading achievement between CHC designed assessment models (i.e., CHC cross-battery assessments, WJ-R) and a traditional model (Wechsler)? An investigation of these research questions will also assist in determining whether theory-based approaches (cross-battery) and batteries (WJ-R) explain more variance in reading achievement than atheoretical approaches (Wechsler Scales) . It is important to recognize that the focus of this research is on the CHC theoretical constructs-constructs that are measured to varying degrees across all major intelligence batteries-and not on an individual intelligence battery. This research is an extension of Keith's (1999a) and McGrew et al.'s (1997) /specific abilities research with the WJ-R norm data and represents the first attempt to provide validity evidence for Flanagan and McGrew's theory-driven CHC cross-battery approach. This research is theory-focused, rather than test-kit-focused.
METHODS
Participants
Participants were 166 students (72 males and 94 females) from two special validity studies included in the WJ-R Technical Manual (McGrew et al., 1991) . Ninety-two participants were third-grade students from two schools in rural, north central Texas (Scarr, 1991) and the remaining 72 participants were third-and fourth-grade students from approximately 20 rural and urban school districts in Texas (McCullough & Wiebe, 1991) . Of the total sample, 160 participants were Caucasian, 3 were African American, and 3 were Asian (Pacific Islander). All participants were administered the same select WJ-R Tests of Cognitive Ability (Extended Battery) and Achievement in addition to the complete WISC-R. An examination of the means and standard deviations presented in Table 2 demonstrates that the present sample performed within the average range of ability on all tasks.
Instruments
The WJ-R COG is appropriate for use with individuals ranging in age from 24 months to 95 or more years. It contains 21 tests of cognitive ability that are divided into standard and supplemental batteries. The standard battery contains seven tests, one measure for each of seven CHC factors (Gf, Gc, Gv, Ga, Gs, Gsm, Glr) assessed by the WJ-R COG. The supplemental battery contains 14 tests. Of these, the first seven (i.e., tests 8-14) provided complimentary measures of the previously mentioned cognitive factors and constitute the additional tests that are necessary to calculate the seven Broad Cognitive Ability Clusters. The remaining seven tests on the WJ-R COG supplemental battery (i.e., tests 15-21) provide mixed measures of CHC abilities and may be administered to derive additional information about an individual's cognitive strengths and weaknesses. Tests 1-14 were used in the present study. The WJ-R COG has strong psychometric properties including standardization, reliability, and validity (see WJ-R Technical Manual; McGrew et al., 1991) and good support for the use of its tests as markers for the eight CHC factors (e.g., McGrew et al., 1997; Woodcock, 1990; Ysseldyke, 1990) . The WISC-R is an individually administered test of intellectual functioning used with individuals ranging from 6 years, 0 months, 0 days to 16 years, 11 months, 30 days. It contains 12 subtests, two of which are optional (i.e., Digit Span and Mazes) and not included in the calculation of the IQ if the 10 major subtests have been administered. Overall, the WISC-R provides (a) three Deviation IQs-Verbal, Performance, and Full Scale-obtained by comparing the examinees' scores with those earned by a representative sample of age peers (M = 100; SD = 15); (b) standard scores for each of the 12 subtests (M = 10; SD = 3); and (c) three factor scores-Verbal Comprehension, Perceptual Organization, and Freedom from Distractibility. The WISC-R's psychometric strengths include its excellent standardization, outstanding reliability, and adequate validity (Sattler, 1992) . The WISC-R was succeeded by the WISC-IIIinl991. 
Models
Traditional Wechsler/g Causal Reading Model (Wechsler/g Model).
To determine how much variance in reading achievement is explained by a general ability factor underlying the atheoretical Wechsler VC-PO-FFD model, a WISC-R and Reading Achievement causal model was proposed (Fig. 2) . This model will be referred to as the Wechsler model. A hierarchical confirmatory factor model of the WISC-R subtests is illustrated in the left half of Figure 2 . The WISC-R tests are represented in rectangles and are called measured variables. These variables are assumed to measure the latent variables underlying the WISC-R, namely Verbal Comprehension (VC), Perceptual Organization (PO), and Freedom From Distractibility (FFD). The latent variables are represented in ellipses in Figure 2 . The arrows pointing from the latent variables to the measured variables indicate that an individual's abilities (as represented by the latent variable) partially cause their scores on the measured variables (subtests). Measurement error and uniqueness, represented by the small circles labeled rl through rl 1, constitute additional sources of variance that also influence test scores. Likewise, the latent variables, or first-order factors (VC, PO, FFD), are assumed to be partially caused by g, or general intelligence (a second-order factor). Other influences on the first-order factors are represented by the circles (labeled f 1 through f3) pointing to each of these factors. From a measurement perspective, these circles represent error variance and that which is unique to the first-order factors (Keith, 1997 (Keith, , 1999a . The validity of the hierarchical framework presented in the left side of Figure 2 , although supported in the within-battery Wechsler-based factor analysis literature, does not approximate the comprehensive multiple cognitive abilities structure of intelligence specified in contemporary theory and research. This model, therefore, represents a traditional, atheoretical structure of intelligence that is confined to the core Wechsler tests (past and present).
The right side of Figure 2 shows the structure of key WJ-R Reading Achievement tests. Similar to the research conducted by Keith (1999a ) andMcGrewetal. (1997 , it is assumed that each test measured a corresponding achievement (e.g., Word Attack, etc.), and that each of these specific achievements was affected, in part, by general Reading Achievment. The arrow pointing from g to Reading in Figure 2 demonstrates that g (or general ability) affects general reading achievement directly and affects narrower reading skills indirectly through its affect on general reading.
Traditional Wechsler/g + Specific Causal Reading Model (Wechsler/g + Specific Model).
To determine how much variance in reading achievement is explained by the specific ability factors underlying the atheoretical Wechsler/g model, the same causal model as presented in Figure 2 was proposed. However, this model allowed for the examination of paths between specific cognitive abilities and specific achievements. This model will be referred to as the Wechsler/g + specific model (Fig. 3) . The purpose of this model is to test whether the popular specific Wechsler abilities (VC, PO, FFD) affect specific reading achievements in addition to the effects of g on Reading.
Wechsler-Based CHC Cross-Battery/g Causal Reading Model (Wechsler CB/g model) . To determine how much variance in reading achievement is explained by the general ability factor underlying the Wechsler-based CHC cross-battery (CB) model, a WISC-R cross-battery and reading achievement causal model was proposed. This model will be referred to as the Wechsler CB/g model (Fig. 4) . This model is similar to the model presented in Figure 2 except the WISC-R has been augmented via cross-battery principles and procedures in the manner described earlier (Flanagan et al., 2000) . Whereas the Wechsler/g model (Fig. 2) included the more traditional, atheoretical specific abilities of VC, PO, and FFD, the model depicted in Figure 4 shows the Wechsler-based CHC cross-battery, which includes seven specific broad cognitive ability constructs (Gf, Gv, Glr, Gs, etc.) that are consistent with strong theory.
Wechsler-Based CHC Cross-Battery/g + specific Causal Reading Model (Wechsler CB/g + Specific Model) . To determine how much variance in reading achievement is explained by the specific ability factors underlying the Wechsler-based CHC cross-battery model, the same causal model as depicted in Figure 4 was proposed. However, this model (Fig. 5 ) allowed for the examination of paths between specific CHC abilities and specific achievements. This model will be referred to as the Wechsler CB/g + specific model. The purpose of the paths specified in this model is to test whether the empirically validated specific CHC ability constructs (i.e., Gf, Gv, Glr, Gsm, Gv, Ga, Gs) represented by Wechsler-based cross-battery data, affect specific reading achievements in addition to the effects of g on reading in a manner consistent with previous research.
WJ-R/g and WJ-R CB/g Models.
To determine how much variance in reading achievement is explained by the general ability factor underlying the WJ-R CHC model, a WJ-R and reading achievement causal model was proposed (Fig. 6 ). This WJ-R/g model is similar to the model presented in Figure 2 in that it is confined to the specific tests within a single battery. Whereas the measurement model in Figure  2 represents the within-battery VC-PO-FFD structure of the WISC-R, the WJ-R/g model represents the within-battery CHC structure of the WJ-R. The WJ-R/g model 5. It is important to note that if the WISC-III battery was used in this study, rather than the WISC-R, Gs would be well represented in this model. That is, like Gc and Gv, Gs would not need to be augmented. However, the abilities of Gf, Glr, Ga, and Gsm are equally underrepresented or not measured on both the WISC-R and WISC-III. was proposed to investigate whether the empirically validated CHC theoretical model underlying the WJ-R explains more variance in reading achievement than the atheoretical Wechsler/g model. The WJ-R CB/g model depicted in Figure 7 is similar to the model presented in Figure 4 because it represents CHC constructs using cross-battery data. Whereas the model in Figure 4 used the WJ-R to supplement the WISC-R in a manner consistent with contemporary CHC theory and research, the WJ-R CB/g model used the WISC-R to supplement the WJ-R to provide better and stronger construct representation of certain CHC constructs that underlie the WJ-R. Specifically, the Wechsler Block Design and Object Assembly tests provide a more robust Gv factor than the WJ-R Visual Closure and Picture Recognition tests . Therefore, the Wechsler tests define the Gv factor in this model. Also, because the Gc construct underlying the WJ-R is primarily defined by tests of lexical knowledge, it is underrepresented on the WJ-R . As such, the WJ-R CB/g model uses the Wechsler Information subtest with the WJ-R Oral Vocabulary test to provide better representation (through qualitatively different indicators) of the Gc construct. Finally, the WJ-R Gsm cluster includes a mixed measure of memory span (Gsm) and crystallized (Gc) abilities (i.e., Memory for Sentences). As such, the Gsm construct underlying the WJ-R includes variance (Gc) that is irrelevant to the interpreted construct (i.e., Gsm). A purer Gsm construct is represented in the WJ-R CB/g model by combining the WJ-R Memory for Words subtest with the Wechsler Digit Span subtest. This model was proposed to investigate whether a WJ-R CB/g model explains more variance in reading achievement than the previously proposed models.
Data Analysis
Maximum-likelihood estimation using the AMOS (Analysis of Moment Structures; Arbuckle, 1997) structural equation modeling program was used to examine the relationship between manifest cognitive variables used to define the VC, PO, FFD, g, CHC, and reading achievement latent factors and the causal paths between the VC, PO, FFD, g, CHC, and reading achievement latent factors. Maximum-likelihood estimation is considered the standard approach for estimating free parameters with structural equation modeling (SEM) and has been found to be very robust. Figure 2 shows the typical pattern of factor loadings for the WISC-R tests on the respective VC, PO, and FFD latent factors (Kaufman, 1979) and the latent factors on the higher-order g factor (Keith & Witta, 1997) . As expected, given the manner in which the single-indicator first-order reading factors were specified, the three respective WJ-R reading tests consistently loaded above .90 on their respective factors. All three first-order reading factors displayed significant (p < .05) loadings on the general Reading factor, with the Word Attack (.83) and Passage Comprehension (.88) factors loading at similar levels. As reflected by the 1.02 loading (a "Heywood" case) for the Letter-Word Identification factor, performance on this test is isomorphic with the latent factor.
RESULTS
A review of the results in
The causal path from g to Reading (.64) in Figure 2 is significant and indicates that the g factor, defined by the WISC-R VC, PO, and FFD factors, accounts for approximately 41% of the general Reading variance. Finally, although the fit statistics reported in Figure 2 (and subsequently for Figs. 3-7) suggest a "good" model fit (see Keith, 1997 Keith, ,1999b for discussion of fit indices), a comparison of the relative fit of each of the models presented herein is not the important result of this research and will not be discussed in detail. These model fit statistics suggest that the Wechsler and WJ-R within-battery and cross-battery models are equally plausible representations of the underlying structure of the data. Instead, the presence or absence of significant causal paths and the amount of reading achievement variance explained by the atheoretical (VC-PO-FFD) and theoretical (CHC) models are the relevant data for the research questions posed in this investigation.
The Wechsler/g+specific model (see Fig. 3 ) was derived from a review of the modification indices reported for the Wechsler/g model. Significant paths from the three specific WISC-R factors (VC, PO, and FFD) to the specific reading factors were added to the model in an iterative process until no other significant paths were suggested. It is important to note that this model "tweaking" process can capitalize on chance errors and the results need to be cross-validated in independent samples. The final model included (in addition to the significant .58 g/Reading causal path) significant VC/Passage Comprehension (.34) and PO/Word Attack (.19) paths. Two Wechsler CHC cross-battery (i.e., Wechsler CB/g and Wechsler CB/g + specific) models (see Figs. 4 and 5, respectively) were specified in a similar manner. The parameter values for the reading measurement models for both models mirrored those previously discussed for the WISC-R atheoretical models (Figs. 2  and 3) . Also, the magnitude and pattern of loadings for the Wechsler CB/g model and the CHC factor loadings on the higher-order g factor, were generally consistent with previous research reported by Bickley et al. (1995 ), McGrew et al. (1991 ), and McGrewetal. (1997 .
As described previously, the Wechsler CB/g model (Fig. 4 ) specified seven first-order CHC factors that were subsumed by a second-order g factor. The g factor in this model was specified to have a causal path to general Reading, a path that was found to be high (.81) and significant. This .81 g/Reading causal path indicates that the g factor defined by seven first-order Wechsler-based CHC cross-battery latent factors accounted for approximately 66% of the Reading factor variance. This value reflects a 25% increase in the reading variance explained by the Wechsler/g 6. Significant structural paths in all models were those that had critical values (estimate/standard error) greater than 1.96 (p < .05).
model. Similar to the Wechsler/g+specific model (Fig. 3) , the Wechsler CB/g+spe-cific model (Fig. 5) was an extension of the Wechsler CB/g model (Fig. 4) in that the AMOS modification indices guided the addition of paths between the Wechsler-based cross-battery CHC factors and the specific reading factors (see Fig. 5 ). As seen in Figure 5 , additional specific cognitive and achievement causal paths were found for Ga/Word Attack (.26), Gc/Passage Comprehension (.42), and Gs/Passage Comprehension (. 15). With one exception (viz., Gc/Passage Comprehension), the specific cognitive/achievement causal paths retained in this model differed from those found for the Wechsler/g+specific model (Fig. 3) 7) showed nearly identical (.83 and .82, respectively) g to general Reading paths. These parameters indicate that the g factor defined by either the CHC factor structure underlying the WJ-R or the WJ-R CHC cross-battery factor structure accounted for essentially the same amount of Reading factor variance (i.e., 68% and 67%, respectively). The percent of variance accounted for by the WJ-R/g and WJ-R CB/g models was nearly identical to that reported for the Wechsler CB/g model (i.e., 66%). These percent of variance values (.66-.68) for the models that define g based on the seven-factor CHC model are consistently higher (by at least 25%) than that reported for a g factor defined by the Wechsler VC, PO, and FFD factors. These percentages of variance values are summarized in Figure 8 .
DISCUSSION
In the traditional, atheoretical Wechsler/g model (Fig. 2) , g accounted for approximately 41% of the variance in Reading achievement. In the Wechsler/g + specific model (Fig. 3) , g also played a significant role in Reading, as demonstrated by its significant direct effect (.58) on this variable. In addition, VC and PO had large and moderate direct effects on Passage Comprehension (.34) and Word Attack (.19), re--j spectively, above and beyond the variance accounted for by g (Keith, 1999b) . These findings suggest that Verbal and Perceptual Organization abilities are important to consider in addition to a Wechsler Full Scale score in the explanation of reading achievement.
Overall, these findings demonstrate that although the Wechsler factor scores are based on a weak substantive foundation and, thus, a weak structural validity model, 7. According to Keith (1999b) , rules of thumb for interpreting effect sizes for manipulable influences on learning or achievement are as follows: less than .05 = not meaningful; .05 and above = small effect; above .10 or .15 = moderate effect; above .25 = large effect. positive external validity evidence exists for the WISC-R Full Scale, VC, and PO scores. Initial inspection of these results appears to argue against the central tenet of this article, namely, intelligence batteries must be grounded in a strong program of validation research.
However, the substantial improvement in external validity demonstrated by the theory-based Wechsler CB/g model (Fig. 4) , provides strong support for the author's central tenet. Specifically, when the WISC-R was supplemented with strong CHC test indicators from the WJ-R, the structural path from g to Reading increased from .64 to .81, reflecting a 25% increase in prediction and explanation of the total reading variance. This increase in percent of variance explained is not trivial and is not merely a mathematical inevitability (e.g., as more indicators and paths are added to the structural model, the structural coefficient associated with the path from g to Reading will increase).8 Rather, the WISC-R was supplemented in a systematic manner, following psychometrically and theoretically defensible CHC cross-battery procedures. The resultant CHC structural 8. When latent CHC factors (that were found not to predict reading achievement significantly) were dropped from the Wechsler CB/g model following the ^/specific abilities research, the variance in reading achievement increased. For example, when Glr, Gsm, Gv, and G/were dropped from the Wechsler CB/g model, the variance in reading achievement accounted for by a Ga-Gc-Gs/g model (comprised of three WISC-R and three WJ-R subtests) was 76%. These analyses can be obtained by contacting the author. Keith (1999b) , the following are rules of thumb for interpreting effect sizes for manipulable influences on learning or achievement: less than .05 = not meaningful; .05 and above = small effect; above. 10 or. 15 = moderate effect; above .25 = large effect.
model underlying the Wechsler-based cross-battery in the present research has strong support in the extant factor-analytic cognitive abilities research (Flanagan et al., 2000) . Moreover, the CHC test indicators in the cross-battery models presented here show significant paths to the first-order CHC factors, which show significant paths to the second-order g factor. The theory-based CB models in this research are justified from both theoretical and statistical standpoints. The theory-based Wechsler CB/g + specific model (Fig. 5) , like the Wechsler/g + specific model (Fig. 3) , shows significant paths from cognitive constructs to specific reading abilities. However, the number and nature of the paths in the Wechsler CB/g + specific model differ from those found in the traditional Wechsler/g + specific model. Furthermore, the significant specific paths in the Wechsler CB/g + specific model are more consistent with the extant CHC reading research literature than those found in the traditional Wechsler/g + specific model. The direct and indirect effects of specific cognitive abilities on specific reading skills (from Figs. 3 and 5) are summarized in Table 3 .
In both the atheoretical Wechsler causal model (Fig. 3) and theory-based Wechsler causal model (Fig. 5 ) the direct effects of Crystallized Intelligence (i.e., VC and Gc) on Passage Comprehension were large (i.e., .34 and .42, respectively). A review of Table 3 shows that the direct effect of Gc on Passage Comprehension in the Wechsler CB/g + specific model is larger than the indirect effect of g on Passage Comprehension, as mediated through its strong direct effect on general reading. In particular, this result suggests that reading comprehension could improve by almost one half of a SD for each SD increase in Gc ability, after the effect of g is al-ready taken into account. This finding is consistent with the Gc/reading achievement research Vanderwood et al., 1999) .
In contrast, the direct effect of PO on Word Attack (.19) in the atheoretical Wechsler/g + specific model is difficult to interpret in light of the extant research literature that provides little, if any, support for a relationship between Word Attack skills and a cognitive construct (PO) that is primarily Gv in nature. The lack of a significant relation between the valid and more theoretically pure Gv factor and reading achievement in the Wechsler CB/g + specific model (Fig. 5 ) is more consistent with the research literature. It is possible that the significant PO/Word Attack path found in the Wechsler/g + specific model (Fig. 3) was largely because of irrelevant Gc variance in the PO index associated with the Picture Completion and Picture Arrangement subtests Woodcock, 1990) . This explanation highlights the fact that a poor theoretical-empirical domain match (or the lack of a substantive foundation to guide the construction of measures) appears to have confounded the Wechsler Scales.
The significant direct effects of Ga on Word Attack (.26) and Gs on Passage Comprehension (.15) in the Wechsler CB/g + specific model (Fig. 5) are consistent with existing research on the relations between specific cognitive abilities and reading achievement. The large effect size for Ga/Word Attack is particularly important because, although it is approximately half that of the indirect effect of g on Word Attack (see Table 3 ), it demonstrates that reading decoding skills can improve substantially with a one SD increase in Ga (or phonological awareness). Admittedly, phonological awareness is only one important factor that contributes to our understanding of reading acquisition. However, the general consensus of the literature is that more is known about the relations between phonological processing and reading achievement than relations between reading and nearly anything else (Wagner & Torgeson, 1987) . Indeed, phonological awareness appears to be the core processing deficit in individuals with reading problems (see Morris et al., 1998) . Because the research shows that specific interventions lead to significant improvement in phonological awareness (Ga), this construct (Ga) seems important to include in assessments of individuals with reading difficulties. The Ga/Word Attack path was not found in the traditional Wechsler/g + specific model (Fig. 3) , simply because none of the Wechsler Scales include direct measures of Ga or phonological awareness.
Unlike the situation with the Ga construct, the absence of a significant Gs/Passage Comprehension path in the atheoretical Wechsler/g + specific model, compared with the Wechsler CB/g + specific model, is likely because of the underrepresentation of the Gs construct on the WISC-R. Gs is represented by only one indicator on the WISC-R (i.e., Coding). Two or more qualitatively different indicators of each construct are necessary for appropriate construct representation in assessment, evaluation, and research (for an explanation, see Messick, 1995) . Due to the atheoretical combination of the Coding subtests with the Arithmetic and Digit Span subtests on the WISC-R, the potential contribu-tion of Gs (as operationalized by the Coding subtest) to the prediction and explanation of reading was not realized in the traditional Wechsler/g + specific model (Fig.  3) , despite the consistent and significant Gs/reading achievement finding in the literature. It is important to note that more current versions of the Wechsler Scales include adequate representation of the Gs construct (i.e., WISC-III, WAIS-III).
In summary, the present research found that the g factor underlying the Wechlser CB/g model accounted for substantially more variance in reading achievement (25%) than the g factor underlying the atheoretical Wechsler/g model. Similarly, the g factor underlying the WJ-R/g model and the WJ-R CB/g model also accounted for substantially more variance in reading achievement (approximately 26%-27%) than the traditional Wechsler/g model. More importantly, there was no significant difference in reading variance accounted for by g across the three CHC models (i.e., Wechsler CB/g, WJ-R/g, and WJ-R CB/g). This finding reflects the indifference of the indicator (Jensen, 1998) and implies that the important aspect of cognitive assessment is the organization of tests according to a well-validated theoretical model, or the selection of a battery that operationalizes the broad range of abilities specified in contemporary theory. The present research also demonstrated (as predicted by Keith [1997 Keith [ ,1999a andMcGrew andFlanagan [1998] ) that when assessments are organized around the strong CHC theoretical model, specific cognitive abilities, including Ga, Gc, and Gs explained a significant portion of variance in reading achievement beyond that accounted for by g. This finding is consistent with the extant literature on the relations between cognitive abilities and reading achievement and the emerging ^/specific abilities research. It is important to note that the size of the direct effects of Gc, Ga, and Gs on specific reading skills (summarized in Table 3 ) are consistent with (and many are larger than) those that have been judged to have enormous practical and scientific significance (i.e., effect sizes of. 10-.20) in the medical and behavioral sciences (Gage, 1996) . The present findings suggest that Gc, Ga, and Gs abilities may be particularly important to assess in addition to g or general intellectual functioning in young children referred for reading difficulties.
CONCLUSIONS
The extant factor-analytic cognitive abilities research shows that the preponderant two-(e.g., Verbal-Performance), three-(e.g., VC-PO-FFD), and four-factor (e.g., VC-PO-FFD-PS) Wechsler models do not provide a good explanation of the structure of intelligence when a wide range of cognitive abilities is factor analyzed . Although the three-and four-factor models that underlie the most recent editions of the Wechslers (i.e., WPPSI-R and WISC-III/WAIS-III, respectively), have been found to provide a good fit of their respective standardization data (e.g., Keith & Witta, 1997; Wechsler, 1997) , it is argued here that the WISC-R (and all editions of the Wechsler Scales) have weak substantive and structural foundations that significantly limit the validity of the infer-ences that can be drawn from many of the Wechsler subtests and composite scores. The lack of a strong theory (or absence of a substantive foundation) to drive the construction of the Wechsler Scales questions the nature and meaning (i.e., the structural validity) of the constructs underlying the Wechsler Scales, despite the robustness of their respective within-battery factor structures and the invariance of these factor structures across a large age range. Likewise, a weak structural foundation questions the meaningfulness of the relations between test scores and external criteria (i.e., external validity). These latter two points were demonstrated through the evaluation of the nature and meaning of the Wechsler FFD and PO factors, in particular.
In an attempt to strengthen the validity of interpretations drawn from Wechsler test scores, the present study "repaired" the substantive and structural foundations of the Wechsler Scales (i.e., WISC-R) via Flanagan and McGrew's (1997) CHC cross-battery approach. This substantive and structural repair led to a clearer and more robust explanation of the relations between general and specific cognitive abilities and reading achievement. These findings were consistent with the emerging ^/specific abilities research and provide preliminary validity support for the CHC cross-battery approach. The present findings demonstrated that the Wechsler-based CHC cross-battery principles and procedures were effective in operationalizing an assessment model that predicted and explained reading achievement in a manner consistent with the extant CHC external validity research. The application of the cross-battery approach to the WISC-R resulted in structurally valid CHC measures because these measures demonstrated the expected relations with the external measures included in this study (i.e., general and specific reading abilities). The results of this research provide preliminary validity support for the construction of cognitive assessments (specifically, augmenting the Wechslers with tests from the WJ-R) following Flanagan and McGrew's CHC cross-battery approach.
Study limitations suggest fruitful avenues for future research. First, although the restricted composition and size of the present sample may limit generalizability to other populations, knowledge of the relations between general and specific cognitive abilities and reading achievement in the current sample, based on the CHC cross-battery approach is a contribution to the relatively limited g/specific abilities and CHC cross-battery research. Because the current sample is limited demographically, caution in generalizing the results to non-Caucasian samples or similar samples at different developmental levels should be exercised until appropriate cross-validation studies are conducted. Second, the current study evaluated a Wechsler-based CHC cross-battery using the WJ-R as the supplemental instrument. To demonstrate fully the utility of the cross-battery approach, it is necessary to conduct similar research with different intelligence batteries using the cross-battery principles and procedures.
Overall, the CHC cross-battery approach appears to be a viable method for repairing the substantive and structural foundations of the Wechsler tests. The result is better-informed cognitive ability interpretations that are grounded in strong theory and research. Future research will determine the robustness of the present findings and their generalizability to other core intelligence batteries and populations.
